be a Gram-staining-positive rod, catalase-and oxidase-positive. It grew at pH 6.0-8.0, with 0-9 % NaCl and at 20-45 ºC, optimally at pH 7.0, with 0-3 % NaCl and at 28 ºC. The predominant menaquinone was MK-8(H 4 ), while the polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, two unknown phospholipids and two unknown polar lipids. The major cellular fatty acids were iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 and anteiso-C 17 : 0 . The whole-cell hydrolysates contained mannose, ribose, rhamnose, glucose and galactose. The peptidoglycan contained alanine, glycine, serine, aspartic acid, glutamic acid and lysine. The genomic DNA G+C content was determined to be 65.6 mol %. Phylogenetic, phenotypic and chemotaxonomic data (especially the same peptidoglycan type) showed that strain py1292 T should be classified as a representative of a novel species of the genus Yimella, for which the name Yimella radicis sp. nov. is proposed. The type strain is py1292 T (=KCTC 39612 T =LMG 29070 T ).
The family Dermacoccaceae, suborder Micrococcineae, was proposed by Stackebrandt & Schumann (2000) , including the genera Dermacoccus, Demetria and Kytococcus. The 16S rRNA gene signature nucleotide patterns of this family were revised by Zhi et al. (2009) . In recent years, eight genera have been appended to this family: Luteipulveratus (Ara et al., 2010) , Yimella (Tang et al., 2010) , Branchiibius (Sugimoto et al., 2011) , Calidifontibacter (Ruckmani et al., 2011) , Flexivirga (Anzai et al., 2011) , Barrientosiimonas , Rudaeicoccus (Kim et al., 2013) and Tamlicoccus (Lee, 2013) . The establishment of these genera was dependent on their different chemotaxonomic characteristics, phylogenetic analyses and cell morphology. So far, most of these newly proposed genera include just one species, such as the genera Yimella, Calidifontibacter and Flexivirga.
Plant endophytes are an important and novel resource of natural bioactive compounds, with potential applications in agriculture, medicine and the food industry (Strobel & Daisy, 2003) . Some secondary metabolites produced by the endophytes have been tested for applications as medicinal candidates (Strobel, 2003; Zhao et al., 2010) . In addition, some endophytes isolated were found to be representative of novel species. During research work on endophytic bacteria of Paris polyphylla Smith var. yunnanensis, a pharmaceutical herb, strain py1292
T was isolated from a rhizome collected from Zhongdian, Yunnan province, southwest China. The taxonomic affiliations of this isolate were investigated using a polyphasic approach. In a phylogenetic analysis based on 16S rRNA gene sequences, the novel strain was found to be closely related to Yimella lutea YIM 45900 T . However, these two strains differed sufficiently in several characteristics for strain py1292
T to be considered a representative of a novel species in the genus Yimella. Members of the genus Yimella are described as Gramstaining-positive, non-encapsulated, aerobic and facultatively anaerobic. The peptidoglycan is of the type A4a. The predominant menaquinone is MK-8(H 4 ). The Major polar lipids are diphosphatidylglycerol and phosphatidylglycerol; glucosamine-containing phospholipid and other unknown phospholipids are also present. The fatty acids include iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 . The G+C content of the DNA is about 65-66 mol%.
Strain py1292
T was isolated from the healthy rhizomes of P. polyphylla Smith var. yunnanensis, which were washed in running water to remove soil and organic matter, then surface sterilized by following an established procedure (Mich e & Balandreau, 2001; Qin et al., 2009) . After drying in a laminar flow cabinet for 1 day, samples were pulverized in a blender. The crushed samples were spread on 10-fold-diluted nutrient agar medium (10 -1 NA; Qindao Hope Bio-Technology) then incubated at 28 C for 1-3 weeks. Purified strain py1292
T was maintained on tryptic soy agar (TSA; Difco) slants at 4 C and stored as 20 % (v/v) glycerol suspensions at À80
C. In terms of the 16S rRNA gene sequence analysis, Y. lutea YIM 45900
T was the recognized species most closely related to the newly isolated strain, so the morphological, physiological, biochemical and chemotaxonomic characteristics of strain py1292
T were compared carefully with those of Y. lutea YIM 45900 T . Biomasses for chemical studies of both strains were obtained by cultivation in shaking flasks using tryptic soy broth (TSB; Difco) medium at 28 C for 4 days.
For analysis of the 16S rRNA gene sequence of strain py1292 T , genomic DNA extraction and amplification were carried out as described previously (Li et al., 2007) . Sequence comparison via the EzTaxon server (http://www.ezbiocloud. net) (Kim et al., 2012) revealed that strain py1292
T had a close relationship with members of the family Dermacoccaceae, especially those of the genus Yimella. The 16S rRNA gene sequence of this isolate was aligned with sequences of the family Dermacoccaceae retrieved from the GenBank/ EMBL/DDBJ databases using CLUSTAL X software (Thompson et al., 1997) . Sequence evolutionary distance calculations were also carried out by CLUSTAL X. Phylogenetic trees were inferred using the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-likelihood (ML) (Felsenstein, 1981) and maximum parsimony (MP) (Fitch, 1971 ) tree-making algorithms by using the software package MEGA version 6 (Tamura et al., 2013) , and the positions with gaps were completely deleted. Branch support was evaluated by the bootstrap resampling method based on 1000 replications (Felsenstein, 1985) . A distance matrix was generated using Kimura's two-parameter model (Kimura, 1980) . Strain py1292 T shared the highest 16S rRNA gene sequence similarity with Y. lutea YIM 45900 T (99.1 %) (1407 bp), while it also showed high sequence similarity with Calidifontibacter indicus PC IW02
T (97.8 %) (1391 bp). Sequence similarity values of equal to or lower than 96.1 % were observed with other species of the family Dermacoccaceae. Phylogenetic analysis based on the NJ algorithm showed that strain py1292
T and the type strain of Y. lutea formed a robust branch with a high bootstrap value ( Fig. 1) , which was also supported by the ML and MP methods (Fig. S1 , available in the online Supplementary Material).
The G+C (mol%) content of the genomic DNA was examined by HPLC, according to the method of Mesbah et al. (1989) . The extent of DNA-DNA relatedness between py1292
T and the most closely related phylogenetic neighbor, Y. lutea YIM 45900
T was determined with five replications using the fluorometric micro-well method (Ezaki et al., 1989) with consideration of the modifications described by Goris et al. (1998) . Reciprocal reactions were performed for every DNA pair. Fluorescence was measured by using a microplate spectrofluorometer (Gemini XPS; Molecular Devices). The DNA G+C content of strain py1292
T was 65.6 mol%. DNA-DNA hybridization between strain T and Y. lutea YIM 45900 T showed a relatedness value of 45.6±3.2 % (reciprocal 47.8±3.6 %). This value was below the 70 % cut-off point recommended by Wayne et al. (1987) for the delineation of genomic species.
Gram staining was performed by the standard Gram reaction (Gram, 1884) and confirmed by KOH lysis (Gregersen, 1978) . Cell morphology was examined by means of light microscopy (DM2000; Leica) after 4 days of incubation at 28 C on TSA medium. For analysing the phenotypical characteristics, TSA was used as the basal medium unless indicated. The temperature for growth was tested at 0, 4, 10, 15, 20, 28, 37, 45 and 50 C. NaCl tolerance for growth was tested for the range of 0-10 % (w/v) NaCl (at intervals of 1 %). Growth at pH 4.0-10.0 (at intervals of 1.0 pH units) was tested in TSB by using the buffer system described by Tang et al. (2010) . The pH was measured and readjusted after autoclaving. Growth was assessed by monitoring turbidity as OD 660 by using a spectroscopic method (Lambda 35 UV/Vis Spectrometer; PerkinElmer). Anaerobic growth was determined using the AnaeroPack-Anaero System (Mitsubishi Gas Chemical) according to the manufacturer's instructions. Catalase activity was determined from the production of gas bubbles on the addition of a drop of 3 % (v/v) H 2 O 2 . Oxidase activity was detected using API oxidase reagent (bioM erieux) according to the manufacturer's instructions. Acid production and enzyme activities were determined by using API 50CH and API ZYM (bioM erieux) following the manufacturer's instructions. The Biolog GEN-III system was used to determine the utilization of substrates according to the manufacturer's protocol. Other physiological and biochemical characteristics, including milk peptonization and hydrolysis of gelatin, starch, cellulose, urea, and Tweens 20, 40, 60 and 80 were performed as described by Cowan & Steel (1965) . Type species Y. lutea YIM 45900 T was also tested under the same conditions.
T was an aerobic, non-motile and non-sporulating, Gram-staining-positive actinobacterium growing as short rods. Colonies on TSA were observed to be orange, circular, convex and smooth, with a diameter 0.5-1.5 mm, which is similar to those of Y. lutea YIM 45900 T . Growth was found to occur at 20-45 C, pH 6.0-8.0 and with 0-9 % (w/v) NaCl, optimally in the presence of 0-3 % (w/v) NaCl, at pH 7.0 and at 28 C. The organism was observed to produce catalase, oxidase and b-galactosidase (PNG), but not urease or arginine dihydrolase. Aesculin, starch, and Tweens 40 and 60 were found to be hydrolysed, but not cellulose, gelatin, or Tweens 20 or 80. Nitrate reduction, H 2 S and indole production, and milk peptonization and coagulation were found to be negative. The detailed physiological and biochemical characteristics of strain py1292
T are given in the species description. The differentiating characteristics between strain py1292 T and the type strain Y. lutea YIM 45900 T are shown in Table 1 .
Chemotaxonomic analyses were performed on strain py1292 T as well as on the reference strain Y. lutea YIM 45900
T . For fatty acid analysis, strains were cultured on TSA medium at 28 C for 4 days. Analysis was carried out using the method described by Sasser (1990) with the Sherlock Microbial Identification System (version 6.1; database TSBA6; MIDI) on an Agilent Technologies 7890A gas chromatograph. Isoprenoid quinones were extracted according to the method of Collins et al. (1977) and analysed by HPLC (1260 Infinity; Agilent Technologies) as described by Groth et al. (1996) . Polar lipids were extracted and identified by two-dimensional TLC following the method of Minnikin et al. (1984) . Molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol were used for the detection of total lipids, phospholipids, aminolipids and glycolipids, respectively. Whole-cell sugars and peptidoglycan amino acids were detected by HPLC according to methods used by Tang et al. (2009) . Peptidoglycan was isolated after disruption of the cells by shaking with glass beads and subsequent treatment with SDS and trypsin (Schleifer & Kandler, 1972; Schleifer, 1985) . The sample of the peptidoglycan preparation was hydrolysed with 6 mol HCl l À1 at 120 C for 16 h.
The major fatty acids of strain py1292 T were similar to those of Y. lutea YIM 45900
T in being iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 and anteiso-C 17 : 0 , but there were also differences in the proportions (Table S1 ). For example, anteiso-C 15 : 0 was found to represent more than 10 % in YIM 45900 T , but only 1.6 % in py1292 T . The predominant menaquinone was detected as MK-8(H 4 ), while the polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, two unknown phospholipids and two unknown polar lipids (Fig. S2) . Although glucosamine-containing phospholipid was present in YIM 45900 T , it was absent in py1292 T . The peptidoglycan of strain py1292 T contained Ala, Gly, Ser, Asp, Glu and Lys in a molar ratio of 1.5 : 0.9 : 0.6 : 0.7 : 1.0 : 1.3. This profile was similar to that of the type strain YIM 45900 T but the ratio of different amino acids exhibited minor differences (Fig. S3) . Therefore, strain py1292
T has the same peptidoglycan type of A4a as YIM 45900 T . Strain py1292 T contained mannose, ribose, rhamnose, glucose and galactose as the major whole-cell sugars, but fucose was absent.
The results of phylogenetic analysis and chemotaxonomic characteristics (especially the same amino acid composition of the peptidoglycan) of strain py1292
T were found to be consistent with its assignment to the genus Yimella. However, it could be differentiated readily from Y. lutea on the basis of several phenotypical characteristics: the ability to reduce nitrate, hydrolysis of cellulose, starch, and Tweens 20 and 80, growth with 9 % NaCl and a different pH range for growth. Moreover, the DNA-DNA hybridization value between py1292
T and Y. lutea YIM 45900 T was lower than 70 %, supporting that strain py1292
T represents a novel species of the genus Yimella for which the name Yimella radicis sp. nov. is proposed.
Description of Yimella radicis sp. nov.
Yimella radicis (ra¢di.cis. L. gen. n. radicis of a root, the source of isolation of the type strain). Cells are Gram-staining-positive, oxidase-and catalasepositive, aerobic, rod-shaped and do not form endospores. Colonies are orange, circular and 0.5-1.5 mm in diameter after incubation at 28 C on TSA for 4 days. Temperature range for growth is 20-45 C (optimum 28 C). Growth occurs at pH 6.0-8.0 (optimum pH 7.0) and with 0-9 % NaCl (optimum 0-3 %). Positive for hydrolysis of aesculin, starch, and Tweens 40 and 60. Negative for indole and H 2 S production, nitrate reduction, milk peptonization and coagulation, glucose fermentation, and hydrolysis of gelatin, urea, cellulose and Tweens 20 and 80. Acid is produced from methyl a-D-glucopyranoside, aesculin and raffinose, but not from other substrates in the API 50CH. In Biolog GENIII plates, the following substrates are utilized: dextrin, maltose, sucrose, raffinose, melibiose, L-rhamnose, L-glutamic acid, L-serine, L-galactonic acid lactone, mucic acid, D-saccharic acid, D-lactic acid methyl ester, g-aminobutryric acid, a-hydroxybutyric acid, b-hydroxy-DL-butyric acid, acetoacetic acid, propionic acid, acetic acid and formic acid. According to API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and a-mannosidase are present, whereas lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase and a-fucosidase are absent. The major fatty acids are iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 and anteiso-C 17 : 0 . The polar lipids comprise diphosphatidylglycerol, C and were positive for catalase and oxidase activity. Both hydrolysed aesculin, Tween 40 and Tween 60, but not urea or gelatin. Both gave a positive result in the tests for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, but negative results for production of H 2 S, and peptonization and coagulation of milk. Both utilized dextrin, maltose, sucrose, L-glutamic acid, L-serine, a-hydroxybutyric acid, b-hydroxy-DL-butyric acid, acetoacetic acid, propionic acid, acetic acid and formic acid, and produced acid from aesculin. Other substrates included in the Biolog GENIII and API 50CH gave negative results for both strains. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; PL, unknown phospholipid; UL, unknown lipid; GlcN-PL, glucosamine-containing phospholipid. +, Positive; À, negative. The type strain, py1292 T (=KCTC 39612 T =LMG 29070 T ), was isolated from surface-sterilized root of Paris polyphylla Smith var. yunnanensis. The genomic DNA G+C content of the type strain is 65.6 mol %.
